SCREENING OF POLYPHENOLIC COMPOUNDS FROM TRADITIONAL MEDICINAL HERBS
Dominika Kulig 1 , Michał Matysiak 1 , Simona Baldovská 2 , Jana Štefániková 3 , Nora Maruniaková 2 , Erika Mňahončáková 4 , Július Árvay 5 , Drahomír Galbavý 6 , Adriana Kolesárová 2 * INTRODUCTION Polyphenols are chemical compounds found in plants with a very diversified chemical structure. They are important bioactive food ingredients that have strong antioxidant, anti-inflammatory, antiviral, and anticancer effects. Polyphenols are commonly found in plants such as fruits, vegetables, herbs, tea and cereals (Hajimehdipoor et al., 2014) . These compounds are not synthesized in animal organisms but must be taken along with plant foods. Content of the polyphenol fraction in the plants also affects their organoleptic characteristics such as taste, colour, appearance, and texture (Katalinic et al., 2006) . Depending on the number of aromatic rings and the way they are combined, polyphenols are divided into the following classes: flavonoids, phenolic acids, stilbene and lignans (Grajek, 2007) . Examples of the occurrence of polyphenols in plants is shown in Table 1 . The antioxidant properties of polyphenols result from the inhibition of enzymes that are involved in the production of free radicals and through the chelation of transition metal ions that catalyse reactions that result in reactive oxygen species (Fraga et al., 2019) . Polyphenols also can inactivate already formed radicals, especially those having a hydroxyl group at ortho or para positions, are very easy to take part in redox reactions in the cells. These compounds easily undergo oxidation due to the undisturbed transfer of protons and electrons (Cutrim et al., 2018) . Polyphenols have anti-cancer properties and are a potential source of natural anticancer drugs. Studies show that they inhibit the formation and progression of tumours and also play an important role in inhibiting the development of existing ones (Fraga et al., 2019) . The effect of these substances on cancer consists in inhibiting the formation of blood vessels that forms and supply tumour with nutrients -this reduces the proliferation and metastasis (Grajek, 2004) . They also have a property to decrease the activity of enzymes involved in the formation and proliferation of cancer cells, mainly urokinase and ornithine decarboxylase (Hakimuddin et al., 2008) . These compounds also protect against the harmful effects of poisonous nitrogenous compounds entering the body along with the food, i.e. in the form of smoked meats, cured meat. A range of plants was selected for the experiment based on their potential of being a rich antioxidant source and potentially be applied in cancer treatment. Due to their construction and use, plants were divided into two groups: plants from celery family plants and other herbs. Celery plants are: leaves, flowers, and stalk of Anethum graveolens, root and leaves of Apium graveolens var. rapaceum and stalk of Apium graveolens var. dulce. The herbal plants are Calendula officinalis, Tribulus terrestris, Finola cultivar of Cannabis sativa, Lavandula angustifolia, Mentha longifolia, Mentha piperita, Origanum vulgare and Salvia officinalis "Purpurascens". It was previously confirmed that Calendula officinalis has a positive effect on the central nervous system and has other healing properties. Particularly commonly used are oils extracted from this plant, they are also used as dyes and lubricants. Also, Lavandula angustifolia oils and extracts are widely used in natural medicine (Sytar et al., 2018) . Tribulus terrestris extract is used in traditional medicine mainly as a sedative, strengthening, and aphrodisiac. It also has polyphenolic compounds in its composition, which gives it antioxidant properties (Durgawale et al., 2017) .
The aim of the study was to determine the antioxidant potential of dry herbal and aromatic plants by a qualitative and quantitative screening of polyphenols by HPLC analysis. The results of screening of polyphenolic compounds obtained by RP-HPLC-DAD analysis showed that flower of Anethum graveolens has 13-times greater total polyphenols content than its stalk. Flowers of dill were characterized by the highest content of gallic acid (224.0 μg/g), epicatechin (199.5 μg/g), trans-caffeic acid (38.6 μg/g), trans-pcoumaric acid (76.1 μg/g), kaempferol (10.9 μg/g), and apigenin (49.4 μg/g) in comparison to other analyzed plants from celery family. It was observed that in comparison to root (Apium graveolens var. rapaceum) and stalk (Apium graveolens var. dulce), leaves of Apium graveolens var. rapaceum have higher content of polyphenols (∑ 2,755.0 μg/g). Celery leaves are primarily rich in chlorogenic acid (1,790.2 μg/g), trans-ferulic acid (709.5 μg/g), and resveratrol (32.6 μg/g). Fruits of Tribulus terrestis were characterized by the highest polyphenols content among all the analyzed plant materials (∑ 4,780.0 μg/g), followed by extract of Calendula officinalis (∑ 3,515.0 μg/g). The results of this study confirmed that oregano is a good source of trans-caffeic acid, trans-ferulic acid, and apigenin. Both types of mint: Mentha piperita and Mentha longifolia were characterized by the smallest content of polyphenolic compounds among the herbs. In comparison to mint, over 70% greater content of studied biologically active compounds were present in lavender (Lavendula angustifolia) and sage (Salvia officinalis). In conclusion, the current study provided an experimental evidence that the extract from Anethum graveolens flowers and Apium graveolens var. rapaceum leaves, and also Calendula officinalis and Tribulus terrestris, might be promising candidates as health-promoting agents. 
MATERIAL AND METHODS

Chemicals
Single-component standards (epicatechin, gallic acid, chlorogenic acid, transcaffeic acid, trans-p-coumaric acid, rutin, trans-ferulic acid, resveratrol, quercetin hydrate, trans-cinnamic acid, apigenin, genistein and kaempferol), acetonitrile (HPLC gradient grade), methanol (HPLC grade), formic acid and phosphoric acid (ACS grade) were purchased from Sigma Aldrich (Sigma-Aldrich Chemie GmbH, Steinheim, Germany). Double deionized water (ddH2O) was treated (18.2 MΩ cm -2 ) in a Simplicity 185 purification system (Millipore SAS, Molsheim, France).
Preparation of calibration solutions and samples
Single-component standard solutions were prepared by dissolving 5 mg of each compound in 10 mL of methanol (HPLC grade). 
RP-HPLC-DAD analysis of epicatechin
Epicatechin in extracts was determined by HPLC-DAD Agilent 1260 (Agilent Technologies, Waldbronn, Germany). All analyses were performed on a C18 column with reverse-phase Cortecs (4.6 mm x 150 mm x 2.7 µm) (Waters, Massachusetts, USA). The mobile phases consisted of methanol (A) and 0.1% HCOOH in ddH2O (V/V) (B). The gradient elution was as follows: 0-2 min isocratic elution (20% A and 80% B), 2-15 min linear gradient elution (40% A and 60% B). Post-run was 3 min. The mobile phase flow was 0.6 mL min -1 and the sample injection was 5 µL. Column thermostat was set to 25 °C and the samples were kept at 4 °C in the sampler manager. The detection wavelength was set at 230 nm, 240 nm, and 250 nm, with scanning of the spectrum in the range of 210 -400 nm. The spectral data were collected and processed using Agilent OpenLab ChemStation software for LC 3D Systems.
RP-HPLC-DAD analysis of the rest of polyphenol compounds
All studied polyphenol compounds were determined by HPLC-DAD Agilent 1260 (Agilent Technologies, Waldbronn, Germany). All analyses were performed on a C18 column with reverse-phase Cortecs (4.6 mm x 150 mm x 2.7 µm) (Waters, Massachusetts, USA). The mobile phases consisted of 0.1% H3PO4 in ddH2O (V/V) (A) and acetonitrile (B). The gradient elution was as follows: 0-1 min isocratic elution (90% A and 10% B), 1-5 min linear gradient elution (85% A and 15% B), 5-10 min (80% A and 20%B) and hold until 12 min, 12-15 min (30% A and 70% B). Post-run was 3 min. The mobile phase flow was 0.6 mL min -1 and the sample injection was 5 µL. Column thermostat was set to 30 °C and the samples were kept at 4 °C in the sampler manager. The detection wavelength was set at 265 nm, 320 nm, and 372 nm, with scanning of the spectrum in the range of 210 -400 nm. The spectral data were collected and processed using Agilent OpenLab ChemStation software for LC 3D Systems. The compounds were identified by comparing with standards of each identified compound using retention time, the absorbance spectrum profile, and also by running the samples after the addition of pure standards.
Statistical analysis
All data were expressed as the mean, where ± is the standard error of the mean (SEM). Statistical analysis was carried out using the Statistica program (version 13.1 for Windows; StatSoft Polska, Krakow, Poland). One-way ANOVA along with Duncan's test was performed as appropriate to determine the statistical significance. The statistical significance was established at P≤0.05.
RESULTS AND DISCUSSION
Screening results of polyphenolic compounds obtained by RP-HPLC-DAD analysis are presented in Table 2 -3. Total polyphenolic compounds contents in extracts were quantified as the sum of all RP-HPLC-DAD identified compounds and showed in Figures 1-2 . Results are presented in dry weight. All the used polyphenols standards were detected in dill's leaf and flower, where trans-caffeic acid and kaempferol were absent in corresponding stalk extract. Furthermore, presented study showed that flower of Anethum graveolens has 3-times and 13times greater polyphenols content (∑ 2,537.0 μg/g) than its leaf (∑ 816.0 μg/g) and stalk (∑ 189.0 μg/g), respectively (Figure 1) . Similarly, Shyu et al. (2009) previously confirmed that the flower extract of dill had higher total amounts of polyphenols, flavonoids, anthocyanins, and proanthocyanidins than its corresponding leaf and seed extracts. Flavonoids including epicatechin, myricetin, quercetin, luteolin and kaempferol, and phenolic acids including gallic acid, chlorogenic acid, p-coumaric acid, benzoic acid, and p-anisic acid could be found in the extract prepared by mentioned authors. In the present work extract obtained from flowers of dill were characterized by the highest content of gallic acid (224.0 μg/g), epicatechin (199.5 μg/g), trans-caffeic acid (38.6 μg/g), trans-pcoumaric acid (76.1 μg/g), kaempferol (10.9 μg/g) and apigenin (49.4 μg/g) in comparison to other analyzed plants from celery family ( Table 2) . On the other hand, dill's leaves were characterized by the highest content of genistein (26.3 μg/g). Phenolic compounds isolated from Anethum graveolens are considered to be responsible for its antioxidant activity (Jana et al., 2010) . Furthermore, Ksouri et al. (2015) showed that aerial parts of dill extracts demonstrated considerable antioxidant and antibacterial activities, providing opportunities to explore dill extracts as biopreservatives. Yazdanparast et al. (2008) also suggested that crude extracts of Anethum graveolens L. besides having strong anti-hyperlipidemic effects can improve the biological antioxidant status by reducing lipid peroxidation in liver and modulating the activities of antioxidant enzymes in rats fed with high-fat diet. It was observed that in comparison to two common forms of celery: root (Apium graveolens var. rapaceum) and stalk (Apium graveolens var. dulce), leaves of Apium graveolens var. rapaceum have the highest content of polyphenols. Celery leaves (Apium graveolens var. rapaceum) were characterized by over 6-times and 11-times greater average polyphenols content (∑ 2,755.0 μg/g) than respectively: a stalk of Apium graveolens var. dulce and extract of Apium graveolens var. rapaceumroot (Figure 1 ). Celery leaves have the highest content of chlorogenic acid (1,790.2 μg/g), trans-ferulic acid (709.5 μg/g), quercetin (29.8 μg/g), rutin (69.6 μg/g) and resveratrol (32.6 μg/g) from analyzed samples from celery family ( Kooti et al. (2017) aimed that the presence of biological active phytochemical compounds, especially polyphenols are the reason that celery is the most widely used plant in traditional medicine. Table 3) . Fruits of Tribulus terrestis were characterized by the highest polyphenols content among all analyzed plant materials (∑ 4,780.0 μg/g). Quantitatively, rutin (4,630.0 μg/g) accounted for over 96% of all detected polyphenolic substances (Table 3) . High levels of rutin were also confirmed by Ivanova et al. (2010) , who analyzed Tribulus terrestis of Turkey origin. Besides above mentioned flavonoid HPLC analysis confirmed small quantities of gallic acid, trans-caffeic acid, trans-coumaric acid, trans-ferulic acid, resveratrol, quercetin hydrate, transcinnamic acid, apigenin, and genistein. In addition, Nagwa et al. (2018) analyzed flavonoids and phenolic contents in the fruit of Tribulus terrestis. Researchers revealed by HPLC analysis the presence of nine identified flavonoids: naringin, rutin, hyperoside, quercetin, naringenin, quercetin, hesperetin, kaempferol, and apigenin. The highest quantities were recorded for (↑): hyperoside, naringin, and hesperetin. In the same study, authors identified fourteen phenolic compounds: pyrogallol (↑), gallic acid, protocatechuic acid, catechin, catechol, chlorogenic acid, p-hydroxybenzoic acid, caffeic acid, vanillic acid, ferulic acid, salicylic acid (↑), ellagic acid (↑), coumaric acid and cinnamic acid. One of the greatest amounts of polyphenols (∑ 3,515.0 μg/g) was also detected for Calendula officinalis. All analyzed polyphenolic compounds were detected by HPLC analysis. Chlorogenic acid (2,098.0±19.4 μg/g) was identified to be the dominant component followed by trans-cinnamic acid (396.6±0.4 μg/g), trans-pcoumaric acid (385.4±0.3 μg/g) and rutin (266.9±0.8 μg/g). Also, Sytar et al.
(2018) confirmed that the leaf extracts of Calendula officinalis L. among investigated extracts of the representative family Asteraceae have been shown to have the highest total phenolic, total flavonoid contents and antioxidant activity. According to the aforementioned study, the most abundant polyphenolic acid was syringic acid (3.7 mg/g). Frum (2017) reported that the greatest quantity of phenolic compound in Calendula officinalis flowers was 3.10 mg/100 g vegetal product (v.p.) for rutin, followed by 2.79 mg/100 g v.p. for syringic acid. The researcher also confirmed small quantities of cinnamic acid, gallic acid, resveratrol, and ferulic acid. Differently than in this work Frum ( where the major flavonoids were rutin > quercetin > catechin and major acidphenols were identified as ferulic acid > coumaric acid > vanillin > gallic acid > caffeic acid. Authors observed that rutin was the most abundant polyphenol present in the extract (58.7%). All of these compounds were also detected in the present study but mutual proportions and quantities of each phenols were different. Successively, Cannabis sativa L. showed greater content of polyphenols (∑ 1,233.0 μg/g) than herbal spices from Lamiaceae family. Our results demonstrated that Cannabis sativa was characterized by the highest content of gallic acid (169.7±1.6 μg/g). et al. (2000) reported the presence of the apigenin, luteolin, kaempferol, and quercetin, as well as unique flavones: cannflavin A and cannflavin B. The flavones and flavonols found in Cannabis exert a wide range of biological effects. They present anti-inflammatory, anticancer and neuroprotective properties (Andre et al., 2010) .
Lamiaceae family is considered a rich source of terpenoids, iridoid glycosides, flavonoids, phenolic acids and other phenolic compounds (Naghibi et al., 2005) . The aforementioned observation was successfully confirmed in our experiment on the example of Origanum vulgare which possessed the greatest total polyphenol content (∑ 1,027.0 μg/g) from the entire Lamiaceae family studied. Additionally, Spiridon et al., (2011) confirmed that major phenolic acids identified in the Origanum vulgare L. were ferulic and p-coumaric acid and caffeic acid which is in accordance with our results. As shown in Table 3 , our study also confirmed that oregano is a good source of: trans-caffeic acid, transferulic acid, and apigenin. Health-promoting characteristic of apigenin which includes anxiolytic (Murti et al., 2012) and oestrogenic properties (Wangand et  al., 1998) has been previously reported. Both types of mint: Mentha piperita and Mentha longifolia were characterized by the smallest content of polyphenolic compounds from whole herbal plants group (Table 3) . However, it has to be pointed out that Mentha longifolia showed the highest content of quercetin (25.4 μg/g) and genistein (37.5 μg/g) of all screened plant materials. Our results demonstrated that there were no significant differences in polyphenols content between analysed types of mint. In comparison to mint, over 70% greater content of studied biologically active compounds were presented in lavender (Lavendula angustifolia) and sage (Salvia officinalis). Lavendula angustifolia was very rich in epicatechin (469.4 μg/g) where in Salvia officinalis increased content of resveratrol (92.5 μg/g) were detected. 
